With a few recognised exceptions, adult neuromuscular disorders rarely present with respiratory impairment. However, in the ventilated and often sedated patient in the intensive care unit (ICU) the repertoire of physical movement and sensation is restricted and weakness of the respiratory muscles (manifest as difficulty in weaning) may be the first and most immediate evidence that there is a neuromuscular disorder.
The ability to sustain independent ventilation depends on achieving a balance between the work required for effective ventilation and the capacity of the respiratory muscles. On one side of this equation various factors may combine to increase the work of breathing including impaired cardiac and pulmonary function, supine posture, upper airway obstruction (including the added resistance of any external ventilatory circuit), and impaired control of pharyngeal contents leading to aspiration. On the other side the neuromuscular drive to breathe can potentially be impaired at any level; specifically, abnormal control of, or reduced drive to, the respiratory, upper airway and swallowing muscles may contribute directly or indirectly to a failure of independent breathing, and, in addition, the muscles themselves may become weakened or fatiguable. Assessment of the integrity of drive to the respiratory muscles by measuring force output, contractility and susceptibility to fatigue has become increasingly de- veloped in recent years. 1 Anticipation of difficulties is the key to prevention in such individuals.
An unanticipated neurological event may have complicated a non-neurological injury, illness, or medication. Suspicion of, for example, cardiogenic embolism following heart surgery or hypoxic ischaemic cerebral injury after cardiac arrest is usually aroused because of other features -notably, failure to regain normal consciousness. Whilst acute stroke may certainly produce measurable effects on contralateral respiratory muscle function, cerebrovascular events rarely cause symptomatic respiratory muscle weakness or failure to breathe unless secondary to major brainstem distortion or compression as may follow a cerebellar haematoma or uncal herniation secondary to extensive cerebral hemisphere swelling. Caution is therefore needed when attributing failure to breathe to a "brainstem stroke". In the context of sepsis and multiple organ failure, many factors can contribute to an encephalopathic or peripheral neuromuscular state'2 which may impede respiratory, airway, or swallowing function (see below). Intrathoracic disease or its treatment may be unexpectedly complicated by anterior spinal artery occlusion or phrenic nerve injury with consequent respiratory muscle weakness. Rarely, Guillain-Barre syndrome complicates unrelated illness or surgery (but see also below).
There may be a primary neurological cause for ICU admission such as head injury, subarachnoid haemorrhage, or meningitis with consequent specific neurological deficits. Again, failure to breathe is usually associated with Critical illness neuropathy Thus, it is against a background of many possibilitiesboth iatrogenic and caused by injury or disease -that a particular group of patients becomes evident in whom life-threatening illness is followed by prolonged weakness on recovery. This group manifests itself initially in delayed weaning from ventilation. Such patients are generally characterised by periods of care in the ICU of a month or more, having been admitted for a wide range of causes but often culminating in sepsis and multiple organ failure.'617 Some patients may die in the ICU and evaluation of others can be difficult because of "septic encephalopathy" or sedation. Nevertheless, available clinical features often include symmetrical proximal and distal flaccid weakness with depressed or absent tendon reflexes and, when assessable, distal sensory impairment. Despite improvement from the underlying illness, such patients often fail to breathe spontaneously and sometimes have obvious features of diaphragmatic weakness. The creatine kinase level is normal.
Neurophysiological studies indicate that the patterns of focal or generalised slowing of conduction (or conduction block) associated with local pressure injury or conditions such as Guillain-Barre syndrome are absent -indeed, motor latencies (distal) and F wave latencies (proximal) are generally normal. The sensory nerve action potentials may be reduced in amplitude as are the amplitudes of the compound muscle action potentials in response to supramaximal stimulation, both findings being consistent with loss of functioning axons rather than a process primarily affecting the myelin sheath. In keeping with this axonal injury, electromyography of muscles shows fibrillation potentials at rest and other features of denervation; the electromyographic features are evident not only in limb muscles but also in the intercostal muscles and the diaphragm.'819 Whilst it is recognised that the Guillain-Barre syndrome occasionally occurs in an acute axonal form with early denervation changes in muscles rather than motor conduction block or slowing,20 by and large the features of critical illness neuropathy differ and examination of cerebrospinal fluid is usually normal. In patients who die, morphological examination of nerves confirms extensive motor and sensory axonal loss with some chromatolysis of anterior horn cells and loss of dorsal root ganglion cells; as anticipated, there are changes of acute and chronic denervation in muscles (including respiratory muscles) and inflammation is absent. '6 Since the recognition of this condition, a number of prospective studies have suggested that "critical illness neuropathy" is not uncommon in patients who require prolonged ventilation, often in the setting of septic complications.'72122 Recognition in the early stages is difficult because physical examination of the nervous system is, at best, limited and nerve conduction and EMG studies are necessary for clear documentation.
Attempts The recent paper by Leijten et al22 contributes to the discussion about critical illness neuropathy. This group looked prospectively at a group of 72 patients aged <75 years who had been receiving mechanical ventilation in a general intensive care unit for more than seven days (a total of 1764 patients were admitted to the ICU of whom 368 were ventilated for more than 24 hours in the same period). Diagnosis was neurophysiologically based initially with nerve conduction and EMG studies being undertaken at least once in 50 patients and polyneuropathy classified according to strict criteria; there is, however, some lack of clarity about the precise timing of EMG studies. Admission to the ICU in these 50 patients followed acute or complicated elective surgery (heart, chest, abdomen) in 19, primary infection and sepsis in 12, trauma in nine, and cardiac resuscitation, status asthmaticus and intracranial haemorrhage in 10. Thirty two patients survived the ICU period; these patients were neurologically examined shortly after independence from ventilatory support and subsequently at intervals over the next 12 months. Twenty nine of the 50 patients showed evidence of polyneuropathy, about three quarters ofwhom had predominantly axonal features; some had, in addition, slowing of conduction (mixed polyneuropathy). Clinical features indicative of muscle disease were not seen on full examination in six patients who could cooperate with voluntary muscle contractions and were examined in the rehabilitation period. The neuropathy and "non-neuropathy" groups were carefully compared for risk factors: differences between the groups appeared few and, in particular, no obvious difference for exposure to vecuronium or midazolam was evident but aminoglycosides were given to 59% of those with neuropathy compared with 19% without. Although APACHE II scores at admission were similar, the mortality rate in the ICU was much higher (3 5 fold) for patients with neuropathy and this group had a greater tendency to multiorgan failure. Of 24 evaluable patients who survived the ICU period, there was a striking delay in motor recovery; in the 12 with polyneuropathy five had severe deficits after a year (four with mixed axonal neuropathy) compared with none in the non-neuropathy group. There were no major differences in premorbid evidence of neuropathy and sepsis occurred no more frequently in the patients with neuropathy with only about half having septic complications.
This study therefore confirms that neuropathy is frequently associated with prolonged ventilation in the ICU and occurs in a wide range of clinical settings. Clearly more research is required to clarify the underlying cause(s), but awareness of the condition should also promote due care and attention in preventing the avoidable causes of neuropathy (table). It is also clear that neuropathy will be undetected until late in the day unless neurophysiological techniques are utilised to detect it.
However, it is important not to assume that every patient who is slow to breathe spontaneously after prolonged ventilation has "critical illness neuropathy" -there are other possibilities. Furthermore, even when and prolonged mechanical ventilation. 
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